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Page 132, lower left column, line 2 from the bottom 

to page 133, upper left column, line 4 

The present invention has its object of providing a liquid crystal display 
device having a structure capable of improving responsiveness without reducing 
the thickness of a liquid crystal layer. 

MEANS OF SOLVING THE PROBLEM 

To attain the above object, attention is directed to the viscosity of liquid 
crystal and the improvement thereof is intended to in the liquid crystal display 
device of the present invention. The relational expression obtained in accordance 
with the continuum theory of liquid crystal is: 

TT«T|/e ... (4) 

Td«n/K ... (5) 

when the thickness d of a liquid crystal layer is constant, wherein 8 is a dielectric 
constant and K is a constant. The responsiveness depends on the viscosity. 

The viscosity of the material of liquid crystal depends on temperature, where 
the viscosity increases at a low temperature and lowers at a high temperature. 
Therefore, in the liquid crystal display device of the present invention, a display 
electrode and a transparent panel heater are provided to one of the transparent 



i 



substrates, with a transparent insulating layer or a color filter layer intervened. 
Operation 

With the aforementioned structure, the viscosity of the liquid crystal is always 
kept low by the panel heater, thereby obtaining a display with fast responsiveness. 
Further, since the panel hater is provide on the inner face of the liquid crystal panel, 
efficient and effective heating can be performed. As a result, stable display with 
excellent visibility can be attained even when the external temperature is low at 
operation start of the liquid crystal display device. 

Page 133, upper left column, lines 11-13 

A transparent conductive film of indium oxide including tin (hereinafter 
referred to as ITO) is formed on a substrate 1 to form a panel heater 5. 

Page 133, lower right column, lines 3-6 

According to the liquid crystal display device of the present invention, it is no need 
to reduce the thickness of the liquid crystal layer, the responsiveness is fast and 
uniform and high quality display with excellent visibility can be attained. 
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(57) Abstract 

PURPOSE: To improve 
responsiveness without reducing the 
thickness of a liquid crystal by 
laminating a transparent panel 
heater, transparent insulating layer 
and transparent electrodes in this 
order on one substrate. 

CONSTITUTION: The transparent 
panel heater 5, the transparent 
electric insulating layer 6 and the 
transparent electrodes 3 are formed 
in this order on the opposite surface 
of the substrate 1 of a pair of the 
substrates 1 , 2 which crimp the 
liquid crystal 9. Since the response 
speed of the liquid crystal device 
depends on the viscosity of the 
liquid crystal, the temp, of the liquid 
crystal 9 is maintained at 30-35° C 
by impressing an AC voltage to the 
panel heater 5 when the outdoor air 
temp, is low. The display follows up 
fast videos as well when a driving 
voltage is impressed between the 
display electrodes 3 and 3 in this 
state. The display having uniform 
quality and good visibility is thus 
obtd. The unequal display and the 
degradation in the yield by forming 
the liquid crystal layer to the 
thinner layer in order to enhance 
the responsiveness are eliminated. 
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